We model spontaneous emission dynamics of two optically-coupled quantum dots in a photonic crystal slab. Due to the different light scattering pathways from the dots, we observe a pronounced non-exponential decay in the emitted intensity.
Introduction
Semiconductor quantum dots (QDs) are technologically attractive as sources for light and logical components acting on the level of single light quanta (photons). These intriguing nanostructures allow for confinement of carrier motion, resulting in electronic quantization in which transitions between different energy levels may be mediated by the absorption or emission of a single photon. A promising technology for controlling the light emission relies on photonic crystal (PC) slabs in which multiple scattering from periodic arrays of holes in a membrane of high refractive index may lead to pronounced inhibition or enhancement of the rate of spontaneous emission (the Purcell effect). However, the very presence of additional QDs in the sample may affect the spontaneous emission dynamics. [3] pointing in the y-direction and QD 1 is initially excited. Clearly, an oscillatory behavior is visible in the decay curve for a relatively large value of the detuning whereas for smaller detunings the oscillations vanish. Generally, the decay is slower than in the single QD case and show a distinctly non-exponential behavior. The intensity is normalized to the intensity of the single QD case at t = 0.
Analysis
The electromagnetic Green tensor approach provides a convenient framework in which to analyze the non-exponential nature of the decay. We can write the electric field at the detector position as E(R, w) = G(R, r 1 , w)S 1 (w), in which OSA/ CLEO 2011 QMH5.pdf S 1 (w) is a source term due to the excited QD and the Green tensor G(R, r 1 , w) contains all scattering pathways for the light to go from QD 1 to the detector. We may express it in a diagrammatic form as consisting of a direct term (as in the single QD case) and two correction terms (arising from scattering off QD 2), as illustrated in Fig. 2 Fig. 2 . Diagrammatic approach to the calculation of the total Green tensor for the two QD system.
From the decomposition of the Green tensor we can understand the non-trivial decay as the result of absorption and re-emission at QD 2 (first scattering term) and at both QD 2 and then at QD1 (second scattering term) of the light that was originally emitted from QD 1. The process is a genuine coherent quantum optical phenomenon in which only a single photon is emitted. In particular, the interference at the detector is the interference of the photon with itself. The Green tensor depends on both the scattering properties of the QDs (the dipole moments) and the background Green tensor of the passive PC slab. The latter may introduce additional non-trivial polarization effects. 
Conclusion
We have calculated spontaneous emission from radiatively coupled quantum dots in photonic crystals. Using a decomposition of the Green tensor we have shown how the non-exponential decay curves result from interference between different pathways for the light and how the photonic crystal may lead to surprising polarization effects.
